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(54) OPTICAL SAMPLING APPARATUS 

(57)Abstract: 

PURPOSE: To realize the optical sampling apparatus which is 
not affected by jitter, has high time resolution, and can 
measure even a single-shot phenomenon. 
CONSTITUTION: When an optical pulse 31 returned from a 
circuit to be measured 17 and a short optical pulse from a 
second optical-pulse generating means are intersected on a 
nonlinear optical material 20, a spatial time difference is 
generated. The difference is detected with a line sensor 21 
through the second higher harmonic. Thus, the returned optical 
pulse 31 is sampled with the short optical pulse 32. Therefore, 
the voltage waveform to be measured can be measured. The 
waveform of the high-speed optical pulse can be measured by 
the same principle. 
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1 ©*/WX3l£#lti, £©SS 1 ©ft/WXJte^g! If Kps^^fs ©3fcrM**#S 

«Dfl»A*tH*U*C»IIIWlcJ:D«V»3ttA»l'X*flJ*-r SI t«r^lBfc)!soT*TV»*. *zr. EOJfc/'WX* 

n«#«»**««i. £©#ttwmm*»&*£ -^«w**««b»w>o-c, 

?-f>-t>u-©ia*fc*^Tiia»Eia* 10 [o oo 4] ±e©±3fc*/wx >yfc« 

©«ffi^sa3^-r5±5(c«figLfcrt£!t#sti:-r5 v»&aiss*fflfie*«ftH6fc^ i r. c©£«& c a 

3fry>7'J A s ratf «ft3ft¥*»Xt*-r* OTf . «*©*#* t 

MMHI2] «mtXetUA-r««E»g3!£l(2:, £©& «i;T*fflHD*fl!)fl«iB«qBflrr*::t*«ffibTV» 

*S3l«i:H*LT»III»fcJ:l3«l^/UXftW*-r 6. YAGV-!f-10ffl*«fcW*XK«i2Trp8 

*3fc/WXB*?«i. rattM&3^&®tftfl%fc 8*©/WX*fc£E»Stt. «HP3. *ft«4«H/ 

IWa»^^X«S*aa8»6<03K^*X««S!lHWIC»|II« T«H«HR5kllUtSn«. n;iT«E»]£l5]?&5atG 

**£C*± 3 lt*©rt$T£3ILTJBWSttS#«?&3fc a A s *«|1IK* I n P^©«a^3a*feJ$0#»T 

tt»#*"«»e<lfc«Slf*5-f>-t>-9-t*«A. 5 »*«J|ifc*0«Wsn^©«inB«qEflrt-*. Ufc 
^>*>*Offl*fca^Tlt»6*«i9>6W*Sn* a? #oT*©E»HD3!EttAJt#ittJlfc*«fcB*8 

3t/^©!i«©«piii»fctiijrra±3fc**L&!: -3. co^js^BflB^s-rr^iisn&asBWf-e 

Dm©ff«&Rn] sns. tM£[§iK5&rarrsHft[att7©it£Ufl 

[0 0 0 1] t*«YAGl/-^l©/Via©^UH«fc&»S« 

(G a A s IC, InPIC) ^fcfcttSi&g©**, fl^ttOMfcUTWrrtEfcOT*. H5TRW 

Ka©3i£/^iBSft»rr*3t9->^ij >if b&*>yy>yft«tHcjRiTWMjia*B©rt« 

[0002] s *-y-m>?v >>mmrm%.mmvibz>. 

[«£*©&ffi] ISOitltfTW G a A s 30 [0 0 0 5] &iM©3fc/WX ttWTTS^ 

©MESFETTttHWI***»l OOGHzSIA. Rtl/T, aE«Htt*fflV»SSHG«BI«-#»fflV>6tl 

InGaAs/AlGaA8*m*-7FETTtt2 0 TV>«. WI©l6^Xft2'3©*»fc»(J, 

0GHzH±©WfeW»6nTV»*. Z-nZOfimm? #ATSHG**fcA*S*, SHG»a*>6S841-* 

r/Hxit «*©u->^y>y*i/nxn-^»Ti* 2ifc»Htt©iia«XKS««ft:2«&«t6inrr«c 

*©20©«fi#S*©l«S*«fet-«!:fc*«*PS& ttdcbD. #©/W*«S»rr*Et*«T#*. 

K (-f) *)0WWI©^JidKB©KaWI ; 3 1 5r/X'fX© [0 0 0 6] 

tttttt, «*©tJ->yj>^->n^3-^ J ?>*y b7 [&W)W»*L±5£1-5Wffl l/jPUnPS, 06© 

-07*94 tf©«HIW*±ia"3TLS3. (a) ft IWTJtai*WJt#>^U>jfyt*XBI©J?yi'fcJ: 

ISfci-SlieHRfcSlffjWIiataaB^^oBBfcft 0&ITO^IB#ttT^«4:V>3IIB#**. -rat?* 5? 

#r«»*»«»©Wifta»W'r<ao, ssgfcsie 40 y*#jt©/wxwfctt*T**<fc*t, 

tfzmmtttz. «*©*>^u >^->nxn-y(i S«©^x(B©*W>^U>yT*!:ttRI»ttt 

ttKJHtt**.Tl,«. £5f::fcS. HOiSfti^ttO. lps@£tt&1* 

[0003] fie*, *Ba*©ft£tctt. *>^u>y sft-r*©-?. MhMMiim3ftTL*3. 

feWBV>&nTV>&. H5ICU->y«J>^©li[aS^ E©«**e»»»JI©*>^'J>ytfetfflV»TW*© 

r. -rftto-b. (a) ©i 5 t-i*ii8T3Nf@©&»g{i -c. »ii:*»«««iatt»jnMS»re#ir. #f£S*£ 

^fcML-r, y-bwiiift^i/t^>r6L&««6iBeu ateTscfcttTS&v*. iia©sHG*MH-fc 

Ttf*, *©*S££-&fi!cLT (B) ©J;dfcai£ffi£f# »*©J:5&:nM0tftl>, *©ttffl*«MHanTV»&. 

«. C©&»»asi«rt)ffilffl*tbT«lf Set (-f) fBBl/*^^XbJ*>»rc*r. ¥-#/WX© 
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(d) aB*«Hre*«fc»ic. /wx©*ttftwrr 

(A) SHGMT2i»Cff||tt«A^-r«llJSr««%: 

[ooo7] cfflsswfi±E©i»i&«P»-r*&»fc^ 
^g«&^sf5 c 1 1 B»tr*. 

[0 0 0 8] 

[«BSj*ife1-Sfc®©^lH *«Wfc**#9->:/y 
*»l©*/WX*fe¥*fc. E©»l©*™ia«3i 

^s© m% t mm Lrmmz ± o sv^/wx « u 

*TS*2©*/l^x38ft*H!t. ttGttM£iaift*S 
©5? D * tlffiiESS 2 ffl*AWX»**Rj9» 6 ©«/W* 

*tznz#mByt¥ttftt, £©#•»%¥#*# eft 20 

B®«EE«»*W8rr«J:3K«lJ«Uft:2:tft««tr 
*?S?g(rfilS3tU->^'J>^Sfi©ll2tt«S!|«3t 

6t# 6 ©3tt *«aiii«fc»iMi3jJ* 1; a «fc 5 ic*© 
*3««m*6S!4-r*3e«!)aM«a»#*«««*t so 

7<>-fe>-9-©tH*(c 
air3V»T WB©HW» 6 Hi* S ns#/WX ©3&ffi©l$ 
M*fcft»irr«.fc3 fcttMtfcTO. 
[0 0 0 9] 

[ffffl] WB«0ft#S©R0^WXfc* 2 ©#/!«' 
XWt^R* 6 ©fiV»^JVX«»*»»3e**m±-C« 

a;]/x#wm ww>x-r-y->yy >y*n«©-c, 

«*#»©W»3tft9-f >-fe>*««IWJf SHifcJ: 

>y*an*©T, flrngftwiaggoieitaHbtiig 

[0 0 10] 

0 1 fc*«Wfc«*3fr9->^U >^8B©-*i60!l£^ 
•f. @lfc£V>T, lldYAGk-D^O^MV- 50 



if. 1 2WVVZU-1f 1 l^Sffi*3ft3#AVPX© 

aas«fP , r«s/iry*ft*ijjw*#»^x-fe^. 1 

3 tt* y $rA*-fe*# 6 ffl A S ftfcftfc 2 
5»»#R*«d6f«A-75 7- 14BA-73y 

-l 3ft»sii,&x©>enGjft«*.«$?- i5ii59 

-1 4TMWlxfc^©%g^g&ilSr*fcfe©>t©5 i -f 

fitrra«£f. i7tt«t?i6*s©E«3bs««w 

$nSGaABftWaK»6tt««E»£PK-Vft«. 1 
8fi/\-757-l 3TfK»bfc«©^X»|>MB** 
*<f*rWXBEIW. 2 0 «n 
JfeHMl 7*&©BSD3feWB£f 1 7*3.fctf3y-l 9 
£;frbT-##&A#U /WXEEftftl 8©HWtffc# 

tlfcK T P * B B 0*©#ffig%¥l»« ffl V»fc ©, 
2 1 tt#tt»ttft 2 0 fc#foLT-*©*«fciE»l,T« 

itsn. #^«*^*T*2&«ii*fc»frr*? 

-f >-fe>U-T, CCD (Charge-Coupled Device ) §F© 
J:5fc-itt«±©*©3l«»#SW&r*fe©, 2 2tt 
y'f >-fe>y 2 1 ©fflAfcS^TWlJfeiaK 1 7 ©€ 

■ mmtzmMmam* 2 3 moic 

Bftl 7©B»#^, >-fe>U"2 1 

^■fe;i.i 2©e»«^s«*-raH«B«a-e**. c 

21 y WtT&frli ItmiGWKt * 5 # y ^X 
»**HV»&*X-f y ^©-«t*«. /w* W-tf 1 
1 , # y ar/px-fe* 1 2 * J: tf/v-7 3 5-13 tXttfl 
1 7 teJMfr6#/WX*fta-1-«» 1 ©*/W 
XftMttlMSU A^Xk-ifl 1, tfyyV*** 

;n 2, A-735-1 3i±Dt^7B«i siasg 

1 ©3fcWXft£^«©ffl**fcHHl/TI*l«ttfc.kD 
«V»*/VkX ftHJ»T*» 2 ©*/WXft5i¥8SiME 
f*. 

[0011] ±eSft©tt££*eiKg-*-s. a;pxu 
-13 s 1 1 tt3£©AVVX?(l<£f8£-rs*J, £©<£*> 5 1 1> 
©36^^X«tf«»#yy*^X-fe*l 2t«l , r*. H© 
^A;PX©-aSfi7\-73 y— 1 3 SSjiUTS y- 1 
4fc«fctf7V K5<>1 5£^UT(l3fcTl 6 TRW 

an«««ig»i 7fcnn*sns. varan 1 7«g 
titt. «»a*ifc*©i««iift«fca#*. -r^fc-^^ 

©*t»RDiti*A«*iB*!i:*fiiaiI«»a. C©« 

ttH©*ft*ttrt*©«HMECttfrr*©-c> £©<i 
s^sffl^ieT^nrsi, ci©3eBw«eig» 

Wa5©«JHIflE©*fl:*3e©!MEt*i(lL&t)©ttt 
5. 3TRItl>fc5tA;PXttA;^ 

ffi«sg 1 8 ^xwi< 

[0 0 12] «WH»1 7*6©«AA'Xtn«'XE 
l«l 8"WE»Snft*/WXtt, 02lc*1-«fc5fc# 

2 o fc»Lv»A2nwjrr*. *fc 2 ^>© 



(4) 

5 

k/vmztj w 94 y 1 5 fc«t D^K^siHffisn 

TUSOT, #«»%¥ftg«2 0 fcRWfcMrr*. £ 

5, 7^>ir>1}-2 lttC0 2jJcKP«0*fta«-r 
5.02 (c^-T J: 5 fc, W^lelK 17*6 ©*/Wx 
fcffiltSh^WXH3MttB3fc3*a 2 0 |*j*TrSE« 

rsisfcxw-rao-c, fflHfX9fM2o©mk» 
iRi-r&t>^0©xtt^[Sifc2r>©3t/t;px©M©i^m^ w 
*»a-c, ««*ft)Wiiiaic«a-r*cica*. 02 

©*m%¥ttB2 0ft«©aA, bA cjftfc&tt* 
2t>©*fcr-A©IJHIBt©BMII*H3 (A) , (B) , 

(o «n^n*-r. cE:*p»«Baa*i7*6ffl* 

%&2 0tt2^©3^H*fcAltLfc»fcAM«©2* 
K«**«*T*©-P. 2-3©3ttlME©*H|£ftLTV>« 
Jliifcfc*. ffctoSH 2 ©*#«£. «ne@K17 
*»&©**, ^X£BII*n3t3tW->^U >jfl,TM 
SEfcfcfcS. A#»fcBH2fc*^T. /WXJEai* 20 
3 2#J?t)3fc3 12:mm9(£cjX-»bA-»ajft©Mt% 
&f*©T, 03 (C) (B) (A) ©KrCHOtt©-* 
>7U>«W?&t>tlfc!:fcfcfc*. -£-©*§£« tfefeB? 

*jnrtf 9W3fc*>^u >y*SMfi9**>^'j 
t?fliift^2)tt«tnrs. 5-f >-fe>u-2 icx**;^ 
fc±Dftfflanfe«#{«JWw«2 2-c«fra«±©»E 
»tb-c*:R*n, wneiaKi 7 owi^mmsm^ 

[0 0 13] C©J:5a««©**>^y>y!MllCJ: 

n«, *ffl^[iiK©^M«i±©#tticit«3iufc?fia!5£^ » 

2©*>WXS. amftCI»|in2>P£i;«J:9£Eft 
U *©!ftg©a«JNOT3^ATff«£5C*!jftl, 

Tw«jt». *©j:5a*ijawj**. -f. asvaurc 
>irr*«jWiv»©T, ft*©n->7<j 

S« t gfc D 4tM£lilK©HMH» t 3fc/WX © IB© ^ 

[0 0 14] &**M£linreGaAsaMHKIclK& 40 
T, InP*©««e4«»*»tJffiS©««T?f|s6tl 

•o»**>©t*8*-«cia»Tr**. *&±b©*«« 

WTttG a A s *aig»S©i 5 fc. *M£«a*]0fllS 

*©««*^**»&fcw*mct>ttijan*. c© 

»#tt3/U3>»©*«)e«fcBr!*LTL iTaO 
*1-**f»ftE«l/. MLiTaO, WSSlCftfcH 

#lt. ->U3>**»sa*#a»i£H»«>6©ain«» 



#BW4-2 1 3 0 8 1 

e 

fc±G©«ttM?tn»E«KftlcJ:«fittii©Xft« 

*fcfc.fc«WKX"<* h^©«fc»©««»ft*fflLT 

^»«W«£|illR©«JWfciMU ttH£l91ft*& 
©«Jte«fc6-£©3fclM«S*fl:att, dftfc/WX# 
*A»LT*©#ll*ft*irr6. SfcStStellljfcaS: 

«^*XttJlfe« 2#©3E«tR»IS*TffiV»T'bJ: 
K *fc#«*iK*»»2 0 fcUT8*Hrt©#ff*JB 

E«*/mxtt»LV»A«T*«»JK*»ft2 OtcAW 
[0 0 15] H4H*»Wfc«SJ1£*>!/U>d^fi»© 

«©sai«T?K3a0tt/t^x©iMiE©i9i«i«fl:ft»jrra 

*©*»-niJ«yny^HT*6. HliH&*»liH 
-©E#*f*^T#UV>«Wft««r«. 0tr*5V>T, 

ttM£%M 4 o *» 6 ma s n&*a»e/wx * raw % 

iftD. 2 OfcAWT*. /WXftHl 

l^SfflASnSA^X^ttJpy^VX'tJH 2, /W 
XEIS8818, ^HM^IBSID. 
«f*2 0fcAlfr«. 2'3©3ttttH2©«^tH*. # 

-f W 5-f > 1 5 It 2 0©3^*X«J#«»**lj» 2 
0fcPWc»rr.&J:3fc, %K££MSTS£:»£S 
U6nTW«. #WS**itft2 0©*«fctt5'f5H: 

2 1 o . mmwrng, 2 0 -wb*?- * 2 m 

2 2fc»*n6. /^WMll, #y^X«^l 

2, 7<>-k>-y-2 1, saiaw«2 2*±tm»3©i£ 
M4 o\mmmitiM2 3 t±o«»an*. n^v- 
m 1, #y^vx-fe;n 2fe<fctfA;vxfE««i 8 a 

T**/WX«£*R«BflW*. 

[0 0 16] H4©SB«a^aHl©«^i:nttT» 
5. ^iEHl 8T/i;VXJE«Snfc:Jt/1^X4 2 
ttl»n£3«R4 0«>&©*^^X4 1 l-Jt^T-HHaBi 
<ttD. 02, H3-r«Lfc©iPl«©«ff"ttK/^X 
4 1**^*X4 2*W>^U>yi-«E:i:fca*. * 
©£*. «IKt3M4 0i»>&©j^^X«iRI*«^«2 
2 Tl^ratt±©S!c^ t hT3km?% Z t«fX?*«. 

[0 0 17] C©±3a*rt©#*>:/U>*l»fc.l: 
titf, 5©3tA^Xi, cnJcDtMW* 

n;PXS, fflBWfc»IB*«»*i;*J:5fcB«ly, *© 
»!«©«*#«»3e*»*rft*±5fc«l*bTV>fifc 
». *©«t5&«A*«*«. 

(•f> n«)Bt^^x*«wibS«"ca<. *?sa«T 
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. (n) 8*onwamN&twt». jvvxomw 
sterns. 

[0 0 18] &£±gB©#SI;ffi0mi2:3©#/WXffl 

/V?*MJv*5^fc±D*HMHMWro (KTP. 
BBOTfeilH) fr£ Ofc< £*>-£©) A#3fe£JS 

[0 0 19] 



[HI] *»Wfc*a3WX/y>df|W©H«MI* 
■5. 

[H 3 ] hi o>mmmm^-rt:iib(Dm<om^mmm 
[04] *Kmzmm>7v>>fwmv>m , mm 
[053 ^©•y->y'j>^s*B©mii0-e**. 

[0 6 ] 3t*>^U >ifH««>flBMI*«r«*ya y 
^0T*5. 

[ft^©!&W] 

1 1 /VVXV— 9 
12 tfy^x-t* 

13 

15 ?-fl*fM> 

17 ttHSIlK 

18 /W*Bg» 

2 0 

2 1 5-f>-fe>-y- 

40 
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[04] 



34 



JL , JUL." /_ 
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